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The	 Constant	 Voltage	 Conduc1vity	 (CVC)	
chamber	(Figure	1)	of	the	Utah	State	University	
Materials	 Physics	 Group	 (MPG)	 is	 used	 to	
measure	 the	 conduc1vity	 of	 highly	 disordered	
insula1ng	 polymers.	 In	 this	 experiment,	
samples	of	low	density	polyethylene	(LDPE)	and	
Kapton©,	 or	 polyimide	 (PI),	 were	 placed	
between	 two	 parallel	 plate	 electrodes	while	 a	
constant	 electric	 field	 was	 applied	 from	 a	
baNery	voltage	 source	 (420	V	 to	780	V).	 From	
the	resul1ng	current,	I,	the	conduc1vity,	σ,	was	
calculated	using	the	expression	
	
	 	 	(1)	
	
where	 d	 is	 the	 sample	 thickness,	 V	 is	 the	
applied	 voltage,	 and	 A	 is	 the	 electrode	 area.	
Lastly,	the	1me-dependent	conduc1vity	was	fit	
with	 a	 mul1-process,	 physics-based	 model	 of	
conduc1vity	 to	characterize	 the	distribu1on	of	
atomic-scale	 defects	 in	 the	 highly	 disordered	
insula1ng	materials	studied.	
	
These	 measurements	 provide	 baseline	
conduc1vity	and	charge	decay	1mes	useful	 for	
determining	 spacecraY	 charging	 effects	 in	
materials	regularly	used	in	space.	
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To	 understand	 the	 macroscopic	 behavior	 of	
materials,	 it	 is	 necessary	 first	 to	 understand	 how	
they	 behave	 at	 the	 microscopic	 level.	 In	 general,	
materials	 can	 be	 classified	 as	 conductors,	
semiconductors,	 and	 insulators	 based	 on	 how	
charge	moves	through	them.		
	
	
	
	
	
	
	
	
	
	
can	move	in	the	forbidden	area	of	the	band	gap	by	
hopping	between	these	states	(Figure	2).	
Equa1on	 (2)	 models	 the	 1me-dependent	
conduc1vity	in	the	polymers	[1]:	
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•  Satura1on,	 or	 dark,	 conduc1vity	 (σSat)	 is	 a	
constant,	 equilibrium	 conduc1vity	 and	 is	
reached	at	long	1me	scales.	
•  Polariza1on	 conduc1vity	 (σpol)	 is	 a	 combina1on	
of	 effects	 due	 to	 the	material’s	 response	 to	 an	
applied	electric	field.	
•  Diffusive	 conduc1vity	 (σdiff)	 results	 from	
movement	 of	 the	 centroid	 of	 the	 charge	
distribu1on	through	the	material	with	1me.	
•  Dispersive	 (σdisp)	 and	 transit	 (σtrans)	 conduc1vity	
both	 describe	 the	 distor1on	 of	 spa1al	 charge	
distribu1on	 because	 of	 disorder	 in	 the	material	
(Figure	 3).	 Dispersive	 conduc1vity	 is	 ac1ve	
before	the	1me	τtransit	when	the	charge	front	
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Figure	1	–	CVC	Assembly	
Le*:	Electrical	schema1c	of	the	CVC	chamber	[1].		
Right:	Picture	of	CVC	chamber	[2].	
Figure	2	–	Disordered		
band	structure	[3].	
Figure	3	-	Diffusive	vs.		
Dispersive	Transport	[3]	
Conclusions:	
•  The	model	 of	 conduc1vity	 in	 (2)	 fits	 both	 data	 sets	
well.		
•  According	 to	 the	 model	 of	 conduc1vity	 used,	 αdisp	
should	 equal	 αtrans.	 This	 is	 true	 within	 acceptable	
error	 for	 the	 PI	 and	 LDPE	 data	 shown,	 lending	
credence	to	the	model	in	(2).	
•  α	is	also	a	measure	of	the	material’s	disorder.	Thus,	
it	was	expected	that	PI	would	have	a	larger	α.	LDPE	
having	a	larger	α	may	be	due	to	temperature	effects.	
•  The	 fit	 is	 least	 accurate	 for	 the	 polariza1on	 region	
and	 subsequent	 curve	 in	 the	 data.	 This	 is	
understandable	 because	 mul1ple	 different	
polariza1on	 processes	 are	 taking	 place,	 not	 simply	
one	as	supposed	by	(2).	
•  Long	 1me	 scales,	 far	 longer	 than	 an1cipated,	 are	
required	to	measure	the	conduc1vity	accurately	and	
capture	 the	 different	 conduc1vity	 mechanisms.	
Charge	fronts	can	take	from	25	to	40	hours	to	travel	
25	μm.	
	
Future	work:	
•  Improving	 the	 conduc1vity	 model	 by	 including	 a	
more	 complex	 descrip1on	 of	 polariza1on.	 This	
should	 include	 more	 of	 the	 diverse	 physical	
mechanisms	occurring	in	polariza1on.	
•  Tes1ng	temperature	dependence	of	conduc1vity.		
•  Tes1ng	the	conduc1vity	of	irradiated	samples.	
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FiFng	Coefficients	 PI	 LDPE	
Transit	1me	(τtransit)	 40	±	0.5	hr	 25.8	±	0.5	hr	
Dark	Conduc1vity	(σSat)	 (1.5	±	0.03)	x10-20	(Ωcm)-1	 (8.0	±	0.4)	x10-19	(Ωcm)-1	
αdisp	 0.49	±	0.1		 0.53	±	0.1	
αtrans	 0.4	±	0.1	 0.55	±	0.1	
Figure	4	–	PI	conducLvity	vs.	Lme:	log-log	plot	
Figure	5	–	PI	conducLvity	vs.	Lme:	linear	plot	
Table	1	–	Data	fiFng	coefficients	
Figure	6	–	LDPE	conducLvity	vs.	Lme:	log-log	plot	
Figure	7	–	LDPE	conducLvity	vs.	Lme:	linear	plot	
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Fig. 2. CVC clamping system. 
Modifications 
 
 The CVC chamber has undergone numerous revisions, in both the electronic and hardware 
configurations.  A detailed electrical schematic has been generated (see Appendix A) to more easily identify 
grounding loops, inadequate shielding, and noise issues associated with improper use of the filtered A/C 
power strip.  This schematic has also helped to better understand the subtle details of how grounds are 
handled in the data acquisition interface box (NI BNC-2110) allowing for more accurate and responsive data 
acquisition.  Most notably, this meticulous characterization of the electronics helped identify a flaw in the 
building design where the third prongs in the power outlets were not being grounded; this has been resolved. 
 
 As the schematic developed, mechanical systems including vacuum and cryogenic layouts were added 
allowing a more complete cha acterization of the system as a whole.  This helped to locate and correct leaks in 
the liquid nitrogen system which caused vacuum system failures at low temperatures by allowing atmosphere 
to be introduced into the chamber leading to excessive noise in the current measurements.  Resolving these 
issues has allowed more precise measurements over temperatures ranging from 100 K to 350 K. 
 
 To insure proper contact between the electrodes and the surface of 
the measured sample, a spring clamping mechanism has been built to 
allow for consistent and repeatable sample pressure (see Fig. 2).  This 
setup consists of four springs at the corners of the electrode plate 
assembly constructed to maintain electrical isolation between the voltage 
plate and the cooling reservoir.  Adhering to ASTM D 257-99 standards (6) 
recommendations for an applied pressure in the limit of 140-700 kPa, 
calculations were made to determine the correct spring co s ant for use in 
this setup (see Appendix B) exerting a pressure of approximately 400 kPa, 
the average of the standards recommendation.  
Data Analysis 
 
 Analyzing data taken with the CVC has been challenging due, in large part, to the immense amount of 
data acquired with this system.  Data runs typically span many orders of magnitude in time (up to 10#s 
duration at 1 s to 10 s intervals) making them difficult to repeat if a problem occurs during a run.  A hybrid 
program (using Labview, Excel, and IGOR pro) has been developed allowing for rapid analysis of the data, as 
well as the system’s performance.  This program uses an adaptive binning algorithm to calculate mean 
averages for the current measurements.  From this, the statistical error is applied to the data spread using Eq. 
[2] for each npnts bin: 
 ∆%&' = ) *+,+-./*∑(23 − 56578_:;<)>      [2] 
 
An instrumentation error document (7) has been generated outlining the error associated with each 
piece of equipment used in the CVC.  This document incorporates second order error calculations based on 
quantities such as the response time of the low level electrometer and operating frequency of the data 
acquisition card; constant and relative error of the applied voltage associated with the power supply and 
current measured with the electrometer, as well errors in sample and electrode measurements.  The voltage 
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This	 is	 determined	 by	 the	
size	 of	 the	 material’s	 band	
gap	 (Figure	2).	 In	 insulators,	
the	band	gap	is	wide	so	that	
electrons	 cannot	 move	
easily	 from	 the	 valence	 to	
the	 conduc1on	 band .	
Disorder	in	materials	creates	
localized,	 or	 “trap,”	 states	
within	the	gap.	Electrons		
•  α	 is	 indica1ve	 of	 the	
width	 of	 trap	 state	
energy	distribu1on	[1].	
reaches	 the	 edge	 of	
the	 	 	 material.	 The	
transit	 conduc1vity	
dominates	 aYer	 τtransit	
un1l	 the	 mat ria 	
reaches	equilibrium.	
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